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Abstract 1 
 2 
Background and Aims: Smoking is known to negatively influence glucose metabolism both in healthy 3 
subjects and in patients with diabetes. The aim of this study was to compare glycemic control in 4 
patients with type 1 diabetes mellitus who were smokers with those who did not smoke during a 5 
prospective long-term follow-up. 6 
Methods and Results: In a single center, 763 patients with type 1 diabetes mellitus were included, 160 7 
(21.0%) of them were smokers. Patients were treated with intensive insulin therapy according to 8 
existing guidelines. Glucose control was monitored quarterly, diabetes related complications and 9 
cardiovascular risk factors were assessed at least once a year. Glucose control in smokers was 10 
significantly worse than in non-smokers at baseline and during follow-up (mean HbA1c during 5047 11 
patient-years of follow-up 7.9 ± 1.3% in smokers and 7.3 ± 1.1% in non-smokers, p < 0.001) despite a 12 
higher insulin dosage in smokers (0.71 ± 0.30 U/kg vs. 0.65 ± 0.31 U/kg in non-smokers, p=0.046). 13 
HDL cholesterol was lower in smokers at baseline (1.53 ± 0.45 vs. 1.68 ± 0.51 in non-smokers, 14 
p=0.048). Diabetes related complications tended to occur with a higher frequency in smokers, with a 15 
significant difference in macroalbuminuria (9.8% vs. 4.8% in non-smokers, p=0.047). 16 
Conclusion: Smoking is associated with worse glucose control in patients with type 1 diabetes 17 
mellitus despite the same treatment strategies as in non-smokers. Hyperglycemia, therefore, may 18 
contribute to an earlier incidence of diabetes related complications in these patients, in addition to 19 
direct toxic effects of smoking. 20 
 3
Introduction 1 
 2 
Diabetes mellitus and tobacco smoking are both major cardiovascular risk factors (1, 2). Furthermore, 3 
smoking and diabetes do not compromise cardiovascular health independently. There is a well known 4 
association of smoking with insulin resistance (3-6) and an increased risk for the development of type 5 
2 diabetes mellitus (7, 8) in patients at risk - in particular those exhibiting other features of the 6 
metabolic syndrome. 7 
In patients with an already established diagnosis of type 2 diabetes mellitus, smoking seems to worsen 8 
insulin resistance and glycemic control (9, 10). There are also cross-sectional multi-center studies 9 
suggesting an association of smoking with impaired metabolic control in patients with type 1 diabetes 10 
mellitus (9, 11-13). However, prospective longitudinal data linking glycemic control with smoking in 11 
patients with type 1 diabetes mellitus is missing. It is, therefore, not known if impaired metabolic 12 
control is due to direct effects of smoking or if this finding is the result of associated differences (e.g. 13 
attitude towards diabetes therapy, frequency of consultation, adherence to therapy) between smokers 14 
and non-smokers. 15 
In order to address this important issue, we conducted a prospective single-center study in a cohort of 16 
patients with type 1 diabetes mellitus, consisting of non-smokers and current smokers. We 17 
hypothesized that possible differences in metabolic control may persist even after initiation of 18 
intensive diabetes therapy when smoking was not ceased. 19 
 4
Methods 1 
 2 
Study design and population. We conducted a prospective cohort study by continuously including all 3 
patients with known type 1 diabetes mellitus who were referred to the outpatient clinic of the 4 
department of Endocrinology, Diabetes and Clinical Nutrition at the University Hospital of Zurich, a 5 
tertiary referral center, and were followed there for at least one year. Written informed consent was 6 
obtained from every patient included in the study. The study was conducted over 16 years from 7 
January 1994 until December 2009. 8 
Patients were interrogated about smoking habits at the first visit and then annually (non-smokers) or at 9 
every consultation (smokers). Because the study was not designed as a cross-over study, patients 10 
changing their smoking habits during the study (e.g. start or stop of smoking) were no longer included 11 
in the study. 12 
Primary endpoint of the study was metabolic control, assessed by glycosylated hemoglobin (HbA1c) 13 
measurements. Secondary endpoint was the presence of diabetes related complications. 14 
 15 
Patient management and follow-up. Patients were followed by an interdisciplinary team consisting of 16 
diabetologists, diabetes educators and nutritionists. Treatment was conducted according to the 17 
description of the methodology of the Diabetes Control and Complications Trial (DCCT) (14) either 18 
by multiple daily injections of insulin (at least 4 to 5 injections) or continuous subcutaneous insulin 19 
infusion system (CSII). The goal of therapy was to achieve an HbA1c of 7% or less without the 20 
occurrence of frequent episodes of severe hypoglycemia. Patients were seen at least once every 3 to 4 21 
months. 22 
All current smokers were advised to stop smoking and were offered help in doing so (e.g. nicotine 23 
replacement therapies, tobacco dehabituation program). Changes in smoking habits were registered as 24 
mentioned above. 25 
Blood glucose control as assessed by HbA1c and daily blood glucose self-measurements performed 26 
by the patients was analyzed at every visit. We also assessed hypoglycemic events as well as blood 27 
 5
pressure, heart rate and body weight at every visit. Retinopathy, neuropathy or albuminuria as well as 1 
serum lipids and kidney function were assessed once yearly or more frequently if necessary. 2 
Cardiovascular risk factors, i.e. dyslipidemia and blood pressure, were treated according to the 3 
existing ADA (American Diabetes Association) guidelines.  ACE (angiotensin converting enzyme) 4 
inhibitor- or AII (angiotensin II) antagonist-therapy was introduced if microalbuminuria was 5 
confirmed or if blood pressure was above current recommended target values. 6 
The socio-economic situation of the patients, e.g. marital status, profession and education (classified 7 
according to the International Standard Classification of Education ISCED) was recorded at study 8 
entry and updated during the study if necessary. 9 
 10 
Biochemical analysis. HbA1c was measured with the DCA 2000 (Bayer Diagnostics, Elkhart, USA) 11 
according to the manufacturer’s instructions. Measurement of microalbuminuria was done by an 12 
overnight urine sample using the Micral Test II (Boehringer-Mannheim) until 1998 (6.4% of 13 
measurements in this study) and afterwards in a spot urine with the DCA 2000 (93.6% of 14 
measurements).  15 
Cholesterol was measured by an enzymatic colorimetric test using cholesterol esterase and cholesterol 16 
oxidase, triglycerides were determined by a colorimetric reaction with iodonitrotetrazolium chloride 17 
after enzymatic hydrolysis (modular P lab analyzer, Roche, Switzerland). HDL was measured by a 18 
homogeneous enzymatic test (Cobas Integra lab analyzer, Roche, Switzerland). LDL was calculated 19 
with the Friedewald formula (15).  20 
 21 
Clinical outcome measures. Body weight was measured to the nearest kilogram, height to the nearest 22 
centimeter. BMI (body mass index) was calculated as weight/height2 (kg/m2). Blood pressure was 23 
recorded after 5 min in the sitting position during interview with a mercury sphingomanometer. 24 
Severe hypoglycemia was defined as need of assistance by another person to correct the 25 
hypoglycemia, including coma and seizures. 26 
Microalbuminuria was defined as presence of urinary albumin excretion > 20 μg/min, corresponding 27 
to 30 mg/24 hours, or an urinary albumin/creatinine ratio > 3.5 mg/mmol for females (2.5mg/mmol 28 
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for males), macroalbuminuria was defined as presence of urinary albumin excretion > 200 μg/min, 1 
corresponding to 300 mg/24 hours, or an urinary albumin/creatinine ratio > 35 mg/mmol for females 2 
(25mg/mmol for males) (16). 3 
Neuropathy was evaluated using the Michigan Neuropathy Screening Instrument (MNSI) (17). 4 
Patients were diagnosed with neuropathy if the MNSI score exceeded 2. 5 
Diabetic retinopathy (proliferative or non-proliferative) with or without need for intervention (laser 6 
therapy, vitrectomy) was diagnosed by retinal examination by an ophthalmologist. 7 
The presence of macrovascular complications was evaluated by taking the medical history about past 8 
myocardial infarction or cardiac intervention (angioplasty or bypass surgery), cerebral ischemia 9 
(transient ischemic attack, stroke) or periphereal vascular disease with need for intervention 10 
(angioplasty, amputation). 11 
 12 
Termination of follow-up. Reasons for termination of follow-up in this study were change of smoking 13 
habits (e.g. start or stop of smoking) and discontinuation of the therapy at our institution (change of 14 
the treating institution, place of residence or death of the patient). 15 
 16 
Statistical analysis. Data are described as mean ± standard deviation, median (1st, 3rd quartile) or 17 
relative frequency. For the analysis of independent categorical frequency data, the χ2 test was applied, 18 
and for related categorical frequency data, a McNemar test was performed. For comparison of 19 
continuous variables in two independent groups, the Mann–Whitney test was used, for related 20 
samples, the Wilcoxon test was applied. A generalized linear model was used to test the influence of 21 
multiple factors on target values. The Bonferroni correction was applied to address the problem of 22 
multiple comparisons. A value of p<0.05 was considered significant. The statistical analyses were 23 
performed using SPSS 18.0 software (SPSS Inc, Chicago, USA) for Windows (Microsoft, Redmond, 24 
USA). 25 
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Results 1 
 2 
Patient characteristics and follow-up. 763 patients were included in the study, follow-up was 5.8 (2.7, 3 
9.6) years and 5.5 (2.3,10.0) years in non-smokers and smokers, respectively (p = 0.46). The patient 4 
numbers during follow-up are given in figure 1. 252 patients were seen for ≥ 10 years. Total patient-5 
years of the follow-up was 5047. 6 
Patient characteristics of the whole collective as well as of smokers and non-smokers are shown in 7 
table 1. Patients included in the cohort had a mean age of 35.9 ± 13.9 years, diabetes existed for a 8 
mean of 13.0 ± 12.2 years. Mean BMI at study entry was 23.8 ± 5.6 kg/m2. 9 
At study entry, 160 patients were smokers (21.0%). There was no significant difference in any of the 10 
characteristics mentioned between smokers and non-smokers. However, gender distribution between 11 
the two groups differed significantly (52.1% male in non-smokers, 71.3% male in smokers, p < 12 
0.001). 13 
 14 
Smoking habits. Means of smoking was cigarette smoking in 96.8% of smokers, with 1.3% smoking 15 
pipe and 1.9% cigars. 16 
Cigarette smokers had a smoking history of 21.6 ± 14.8 pack-years at the beginning of follow-up. 24 17 
patients (15.0%) quitted smoking during the study, 6 non-smokers started smoking (1.0%). 18 
 19 
Metabolic control. The yearly mean HbA1c values during follow-up are depicted in figure 1. HbA1c 20 
levels could be lowered significantly in both groups when baseline values were compared with results 21 
one year after study entry (from 8.1 ± 2.0% to 7.3 ± 1.2% in non-smokers and from 9.0 ± 2.3% to 7.9 22 
± 1.5% in smokers, p < 0.001 in both groups) and remained stable thereafter, but differed significantly 23 
at baseline (p<0.001) and during the entire follow-up (mean HbA1c during follow up was 7.3 ± 1.1% 24 
in non-smokers and 7.9 ± 1.3% in smokers, p < 0.001). The proportion of patients who achieved a 25 
target of 7% or less (mean during follow-up) was 42.3% in non-smokers and 23.8% in smokers (p < 26 
0.001). Due to the gender difference of the smoker- and non-smoker group, we separated the 27 
influence of gender and smoking habit in a generalized linear model. For the baseline measurement as 28 
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well as for every year of follow-up, HbA1c differed between smokers and non-smokers. When the 1 
Bonferroni correction for multiple comparisons was applied in this model, HbA1c levels remained 2 
significantly different until year 5 of follow-up. 3 
The 24 patients who quitted smoking during the study were excluded from prospective data analysis. 4 
However, changes of HbA1c levels in these patients were analyzed post-hoc. The yearly mean HbA1c 5 
changed by -0.5 ± 0.9% from before to after smoking cessation (p=0.055). 6 
At baseline, HbA1c was equal in males and females (8.3 ± 2.1% for both, p = 0.44 when adjusted for 7 
smoking), but females showed significantly worse control during follow-up (mean HbA1c during 8 
follow up 7.5 ± 1.3% in females and 7.4 ± 1.1% in males, p = 0.008 when adjusted for smoking) until 9 
year 5 of follow-up.  10 
 11 
Diabetes associated complications and cardiovascular risk factors. The presence of diabetes related 12 
complications before and after follow-up is shown in table 2. There was a tendency towards a higher 13 
frequency of every single micro- and macrovascular complication in smokers as compared to non-14 
smokers. A significant difference between the two groups was seen with regard to macroalbuminuria 15 
at the end of follow-up (4.8% in non-smokers and 9.8% in smokers, p=0.047). When adjusted for 16 
mean HbA1c during follow-up, this difference was no longer persistent. The frequency of every 17 
complication increased in the whole cohort during follow-up. 18 
Weight, blood pressure and serum lipids were not different between smokers and non-smokers before 19 
and after follow-up with the exception of HDL cholesterol at the start of follow-up (1.68 ± 0.51 20 
mmol/l in non-smokers, 1.53 ± 0.45 mmol/l in smokers, p=0.048) (table 3). This difference was still 21 
persistent at the end of follow-up but was no longer significant at this point (p=0.07). There was a 22 
significant weight gain in both groups during follow-up. Systolic blood pressure decreased in non-23 
smokers and diastolic blood pressure decreased in both groups. Serum lipid levels did not change 24 
during follow-up with the exception of total cholesterol, which was lowered in smokers. 25 
  26 
Insulin therapy and treatment of cardiovascular risk factors. 73.5% of patients were treated with 27 
multiple daily insulin injections of a short- and a long-acting insulin, 26.5% of patients were treated 28 
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with continuous subcutaneous insulin infusion (CSII; insulin pump). The rate of CSII treatment was 1 
27.9% in non-smokers and 21.2% in smokers (p=0.15). HbA1c was not significantly influenced by 2 
the use of insulin pump therapy (mean during follow-up 7.5 ± 1.3% without insulin pump, 7.3 ± 1.0% 3 
with insulin pump, p=0.32). 4 
Insulin dosage was comparable between the two groups at the start of follow-up (0.61 ± 0.28 U/kg in 5 
non-smokers vs. 0.58 ± 0.27 U/kg in smokers, p=0.65), but during follow-up the extent of increase in 6 
insulin dosage in the smoker group was significantly larger as compared to non-smokers (+0.13 ± 7 
0.28 U/kg vs. +0.05 ± 0.30 U/kg, p=0.002). At the end of follow-up, insulin dosage was significantly 8 
higher in smokers (0.71 ± 0.30 U/kg vs. 0.65 ± 0.31 U/kg in non-smokers, p=0.046). 21.6% of non-9 
smokers and 26.3% of smokers were treated with a statin at the end of follow-up (p=0.21), and 33.2% 10 
of non-smokers and 36.9% of smokers with an ACE inhibitor or AII antagonist due to hypertension or 11 
albuminuria (p=0.38). 12 
  13 
Occurrence of severe hypoglycemia. There was no difference in the number of patients experiencing 14 
one or more severe hypoglycemias (grade II or III) between groups during follow-up (27.4% of non-15 
smokers, 28.8% of smokers, p=0.33), the absolute number of hypoglycemic episodes, in which 16 
assistance was required, was 16 per 100 patient-years in the non-smoker group and 17 per 100 patient-17 
years in the smoker group. 18 
 19 
Relation of socio-economic status and smoking. The prevalence of smoking did not depend on marital 20 
status (single, married, divorced, widowed; p=0.22) or professional activity (employed, unemployed, 21 
retired, student; p=0.15). However, frequency of smoking was significantly different (p=0.02) when 22 
the educational level was compared with a percentage of smokers in ISCED level 0-3 (compulsory 23 
education / apprenticeship) of 28.2%, in level 4-5B (university of applied science) of 14.8% and in 24 
level 5A-6 (university) of 12.3%. Furthermore, educational level was the only socio-economic factor 25 
that was associated with differences in HbA1c when separated from the effect of smoking by a 26 
generalized linear model (mean HbA1c during follow-up of 7.5 ± 1.2% in ISCED level 0-3, 7.3 ± 27 
1.2% in ISCED level 4-5B and 7.0 ±1.1% in ISCED level 5A-6). However, smoking remained 28 
 10
statistically significantly associated with HbA1c when separated from the effects of gender and socio-1 
economic status (p=0.009). 2 
 3 
Mortality. 5.0 death per 1000 patient-years occurred during follow-up (total 25) with no significant 4 
difference between non-smokers (5.2) and smokers (3.9; p=0.75). 5 
 11
 Discussion 1 
 2 
In this long-term cohort study (more than half of the patient number of the DCC trial with the same 3 
duration of follow-up), smoking could be identified as a major risk factor for worse metabolic control 4 
in patients with type 1 diabetes mellitus. HbA1c levels as an indicator of glucose control were 5 
significantly different between smokers and non-smokers at the time point of study entry, a difference 6 
that persisted even after years of intensive insulin therapy at the same institution. 7 
This therapy resulted in HbA1c levels in the non-smoker group that are comparable with those of the 8 
intensive-therapy group in the DCCT (18), indicating that such results can be achieved outside a 9 
major trial design in an outpatient setting of a larger hospital. Interestingly, the number of severe 10 
hypoglycemias was about the same as reported from the conventional-therapy group of the DCCT (19 11 
per 100 patient-years) and therefore much lower as in the intensive-therapy group of the DCCT (62 12 
per 100 patient-years). The smoker group had a higher HbA1c already at the start of follow-up. This 13 
difference could be reduced, but not eliminated despite a considerably greater increase of the insulin 14 
dosage with a higher total insulin dose at the end of follow-up in the smoker group. Furthermore, the 15 
proportion of patients achieving a target HbA1c value of 7% or less was almost twice as high in the 16 
non-smoker group than in the smoker group. In accordance with these findings, there was a 17 
statistically non-significant tendency of a decrease in HbA1c in patients who quitted smoking. The 18 
occurrence of severe hypoglycemia did not differ between the two groups. 19 
The observation that a higher insulin dosage leads to a less tight glucose control with the same rate of 20 
severe hypoglycemias suggests that smoking impairs glucose homeostasis by short-term changes of 21 
insulin sensitivity, an effect of smoking already described by earlier experimental studies in healthy 22 
volunteers (3), which is unpredictable most of the time. Another possible explanation of our 23 
observations could be the vasoconstriction mediated delay in insulin absorption from subcutaneous 24 
tissue by smoking. Especially the accordance of prandial insulin and postprandial blood glucose 25 
elevations may be disturbed by this effect (19). 26 
In contrast to glycemic control, most other cardiovascular risk factors could be adequately controlled 27 
in both groups: There was no significant difference in serum total and LDL-cholesterol, triglycerides 28 
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or blood pressure between the two groups. However, HDL-cholesterol in smokers was 9 % lower at 1 
the start of follow-up. The negative correlation of smoking and HDL-cholesterol is well known (20). 2 
Impaired insulin action (21, 22) and lower HDL (23, 24) both contribute to a phenotype resembling 3 
the metabolic syndrome and are considered important factors that determine the risk of this syndrome 4 
in all age groups. 5 
Interestingly, weight and weight change did not differ between the two groups. The observed (non-6 
significant) tendency of more frequent use of ACE inhibitors / AII antagonists and statins in smokers 7 
is likely to be the result of the adverse effects of smoking on blood pressure, albuminuria and serum 8 
lipids. 9 
Increased morbidity in patients with type 1 diabetes depends predominantly on the occurrence of 10 
diabetes related complications. There was a tendency of a higher prevalence of microvascular and 11 
macrovascular diabetes related complications in smokers. However, only the presence of 12 
macroalbuminuria differed significantly between the two groups. This difference did not persist when 13 
adjusting for mean HbA1c during follow-up, indicating that the difference of the two groups may at 14 
least partly be explained by the difference in glycemic control. Nevertheless, it should be emphasized 15 
that earlier studies have shown that smoking influences nephropathy (probably by direct toxic effects 16 
on the endothelial function) (11, 25-27) and neuropathy (28) also independently of glycemic control, 17 
whereas data on retinopathy is conflicting (11, 29). In addition, low HDL levels (as seen in the 18 
smoker group) are associated with a higher incidence of chronic kidney disease in patients with type 2 19 
diabetes mellitus (30). 20 
Mortality (5.0/1000 patient-years) during the study did not differ between the two groups and was 21 
only marginally higher than expected in a age adjusted general population in Switzerland (4.3/1000 22 
patient-years) (31). 23 
The prevalence of every complication increased in the whole cohort during the study despite good 24 
glycemic control, pointing to the concept of “glucose legacy” (32). 25 
Of interest, glycemic control was slightly, but significantly worse in female patients compared to 26 
males during follow-up, a difference that was not present at the start of follow-up. This observation is 27 
consistent with earlier reports on glucose control that described a gender-dependent difference with 28 
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worse control in females occurring after the transfer of adolescents to an adult-focused diabetes 1 
program (32). 2 
The strength of this study is its prospective single-center design and the high number of patient-years. 3 
There are also limitations. Due to the known deleterious effects of smoking, a study as presented here 4 
is not randomized, which leads to the possible bias of unequal groups. One major difference that we 5 
could determine was a difference in gender (with more males in the smoker group). However, by 6 
treating gender as an additional factor that possibly affects the investigated outcome, we separated its 7 
effect in our analysis from the effect of smoking itself, thereby minimizing a possible bias. The 8 
possible influence of other factors, e.g. of socio-economic status or lifestyle, is more difficult to 9 
assess. Our analysis revealed that educational level inversely correlates with smoking habits and 10 
HbA1c, this is in accordance with observations in many previous studies (31, 33, 34). However, when 11 
separating the effect of smoking from the effect of educational level, both factors independently 12 
influenced glycemic control. 13 
In summary, this study demonstrates that, in contrast to other cardiovascular risk factors that are less 14 
difficult to treat (e.g. dyslipidemia, hypertension), achieving good glucose control is more difficult in 15 
patients with type 1 diabetes mellitus who smoke despite the same intensive insulin treatment 16 
strategies as in non-smokers. Hyperglycemia, therefore, may contribute to an earlier incidence of 17 
diabetes related complications in patients with type 1 diabetes who smoke, in addition to the direct 18 
toxic effects of smoking, and therefore increase morbidity in this population. This emphasizes the 19 
importance of counseling for smoking cessation in these patients, perhaps with special emphasis 20 
concerning groups with a higher prevalence of smoking (e.g. patients with lower educational level). 21 
 14
Acknowledgments 1 
 2 
We thank Eveline Bernhard for her indispensable help with the data collection and administration for 3 
this study. 4 
 15
References 1 
 2 
1. Qiao Q, Tervahauta M, Nissinen A, Tuomilehto J. Mortality from all causes and from 3 
coronary heart disease related to smoking and changes in smoking during a 35-year follow-up of 4 
middle-aged Finnish men. Eur Heart J. 2000 Oct;21(19):1621-6. 5 
2. Soedamah-Muthu SS, Fuller JH, Mulnier HE, Raleigh VS, Lawrenson RA, Colhoun HM. 6 
High risk of cardiovascular disease in patients with type 1 diabetes in the U.K.: a cohort study using 7 
the general practice research database. Diabetes Care. 2006 Apr;29(4):798-804. 8 
3. Attvall S, Fowelin J, Lager I, Von Schenck H, Smith U. Smoking induces insulin resistance--a 9 
potential link with the insulin resistance syndrome. J Intern Med. 1993 Apr;233(4):327-32. 10 
4. Frati AC, Iniestra F, Ariza CR. Acute effect of cigarette smoking on glucose tolerance and 11 
other cardiovascular risk factors. Diabetes Care. 1996 Feb;19(2):112-8. 12 
5. Manson JE, Ajani UA, Liu S, Nathan DM, Hennekens CH. A prospective study of cigarette 13 
smoking and the incidence of diabetes mellitus among US male physicians. Am J Med. 2000 14 
Nov;109(7):538-42. 15 
6. Uchimoto S, Tsumura K, Hayashi T, Suematsu C, Endo G, Fujii S, et al. Impact of cigarette 16 
smoking on the incidence of Type 2 diabetes mellitus in middle-aged Japanese men: the Osaka Health 17 
Survey. Diabet Med. 1999 Nov;16(11):951-5. 18 
7. Feskens EJ, Kromhout D. Cardiovascular risk factors and the 25-year incidence of diabetes 19 
mellitus in middle-aged men. The Zutphen Study. Am J Epidemiol. 1989 Dec;130(6):1101-8. 20 
8. Perry IJ, Wannamethee SG, Walker MK, Thomson AG, Whincup PH, Shaper AG. 21 
Prospective study of risk factors for development of non-insulin dependent diabetes in middle aged 22 
British men. BMJ. 1995 Mar 4;310(6979):560-4. 23 
9. Nilsson PM, Gudbjornsdottir S, Eliasson B, Cederholm J. Smoking is associated with 24 
increased HbA1c values and microalbuminuria in patients with diabetes--data from the National 25 
Diabetes Register in Sweden. Diabetes Metab. 2004 Jun;30(3):261-8. 26 
 16
10. Targher G, Alberiche M, Zenere MB, Bonadonna RC, Muggeo M, Bonora E. Cigarette 1 
smoking and insulin resistance in patients with noninsulin-dependent diabetes mellitus. J Clin 2 
Endocrinol Metab. 1997 Nov;82(11):3619-24. 3 
11. Chaturvedi N, Stephenson JM, Fuller JH. The relationship between smoking and 4 
microvascular complications in the EURODIAB IDDM Complications Study. Diabetes Care. 1995 5 
Jun;18(6):785-92. 6 
12. Hofer SE, Rosenbauer J, Grulich-Henn J, Naeke A, Frohlich-Reiterer E, Holl RW. Smoking 7 
and metabolic control in adolescents with type 1 diabetes. J Pediatr. 2009 Jan;154(1):20-3 e1. 8 
13. Lundman BM, Asplund K, Norberg A. Smoking and metabolic control in patients with 9 
insulin-dependent diabetes mellitus. J Intern Med. 1990 Feb;227(2):101-6. 10 
14. The Diabetes Control and Complications Trial Research Group. The effect of intensive 11 
treatment of diabetes on the development and progression of long-term complications in insulin-12 
dependent diabetes mellitus. The Diabetes Control and Complications Trial Research Group. N Engl J 13 
Med. 1993 Sep 30;329(14):977-86. 14 
15. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density 15 
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem. 1972 16 
Jun;18(6):499-502. 17 
16. Eknoyan G, Hostetter T, Bakris GL, Hebert L, Levey AS, Parving HH, et al. Proteinuria and 18 
other markers of chronic kidney disease: a position statement of the national kidney foundation (NKF) 19 
and the national institute of diabetes and digestive and kidney diseases (NIDDK). Am J Kidney Dis. 20 
2003 Oct;42(4):617-22. 21 
17. Feldman EL, Stevens MJ, Thomas PK, Brown MB, Canal N, Greene DA. A practical two-22 
step quantitative clinical and electrophysiological assessment for the diagnosis and staging of diabetic 23 
neuropathy. Diabetes Care. 1994 Nov;17(11):1281-9. 24 
18. The Diabetes Control and Complications Trial Research Group. Diabetes Control and 25 
Complications Trial (DCCT): results of feasibility study. The DCCT Research Group. Diabetes Care. 26 
1987 Jan-Feb;10(1):1-19. 27 
 17
19. Klemp P, Staberg B, Madsbad S, Kolendorf K. Smoking reduces insulin absorption from 1 
subcutaneous tissue. Br Med J (Clin Res Ed). 1982 Jan 23;284(6311):237. 2 
20. Garrison RJ, Kannel WB, Feinleib M, Castelli WP, McNamara PM, Padgett SJ. Cigarette 3 
smoking and HDL cholesterol: the Framingham offspring study. Atherosclerosis. 1978 May;30(1):17-4 
25. 5 
21. Maffeis C, Banzato C, Brambilla P, Cerutti F, Corciulo N, Cuccarolo G, et al. Insulin 6 
resistance is a risk factor for high blood pressure regardless of body size and fat distribution in obese 7 
children. Nutr Metab Cardiovasc Dis. 2010 May;20(4):266-73. 8 
22. Pyorala M, Miettinen H, Laakso M, Pyorala K. Hyperinsulinemia predicts coronary heart 9 
disease risk in healthy middle-aged men: the 22-year follow-up results of the Helsinki Policemen 10 
Study. Circulation. 1998 Aug 4;98(5):398-404. 11 
23. Gambineri A, Repaci A, Patton L, Grassi I, Pocognoli P, Cognigni GE, et al. Prominent role 12 
of low HDL-cholesterol in explaining the high prevalence of the metabolic syndrome in polycystic 13 
ovary syndrome. Nutr Metab Cardiovasc Dis. 2009 Dec;19(11):797-804. 14 
24. Menotti A, Lanti M, Zanchetti A, Botta G, Laurenzi M, Terradura-Vagnarelli O, et al. The 15 
role of HDL cholesterol in metabolic syndrome predicting cardiovascular events. The Gubbio 16 
population study. Nutr Metab Cardiovasc Dis. 2011 May;21(5):315-22. 17 
25. Chase HP, Garg SK, Marshall G, Berg CL, Harris S, Jackson WE, et al. Cigarette smoking 18 
increases the risk of albuminuria among subjects with type I diabetes. JAMA. 1991 Feb 6;265(5):614-19 
7. 20 
26. Christiansen JS. Cigarette smoking and prevalence of microangiopathy in juvenile-onset 21 
insulin-dependent diabetes mellitus. Diabetes Care. 1978 May-Jun;1(3):146-9. 22 
27. Rossing P, Hougaard P, Parving HH. Risk factors for development of incipient and overt 23 
diabetic nephropathy in type 1 diabetic patients: a 10-year prospective observational study. Diabetes 24 
Care. 2002 May;25(5):859-64. 25 
28. Mitchell BD, Hawthorne VM, Vinik AI. Cigarette smoking and neuropathy in diabetic 26 
patients. Diabetes Care. 1990 Apr;13(4):434-7. 27 
 18
29. Moss SE, Klein R, Klein BE. Cigarette smoking and ten-year progression of diabetic 1 
retinopathy. Ophthalmology. 1996 Sep;103(9):1438-42. 2 
30. Zoppini G, Targher G, Chonchol M, Perrone F, Lippi G, Muggeo M. Higher HDL cholesterol 3 
levels are associated with a lower incidence of chronic kidney disease in patients with type 2 diabetes. 4 
Nutr Metab Cardiovasc Dis. 2009 Oct;19(8):580-6. 5 
31. Wagenknecht LE, Perkins LL, Cutter GR, Sidney S, Burke GL, Manolio TA, et al. Cigarette 6 
smoking behavior is strongly related to educational status: the CARDIA study. Preventive medicine. 7 
1990 Mar;19(2):158-69. 8 
32. Orr DP, Fineberg NS, Gray DL. Glycemic control and transfer of health care among 9 
adolescents with insulin dependent diabetes mellitus. J Adolesc Health. 1996 Jan;18(1):44-7. 10 
33. Escobedo LG, Anda RF, Smith PF, Remington PL, Mast EE. Sociodemographic 11 
characteristics of cigarette smoking initiation in the United States. Implications for smoking 12 
prevention policy. Jama. 1990 Sep 26;264(12):1550-5. 13 
34. Lloyd CE, Wing RR, Orchard TJ, Becker DJ. Psychosocial correlates of glycemic control: the 14 
Pittsburgh Epidemiology of Diabetes Complications (EDC) Study. Diabetes research and clinical 15 
practice. 1993 Aug-Sep;21(2-3):187-95. 16 
 17 
 19
Tables 1 
 2 
Table 1: Patient characteristics of patients included in the study 3 
 4 
Characteristic Non-Smokers Smokers Total p 
n 603 160 763  
Sex, male/female (%) 52.1 71.3 56.1 < 0.001 
Age (y) 36.1 ± 14.2 35.1 ± 12.8 35.9 ± 13.9 0.66 
Diabetes duration (y) 13.4 ± 12.5 11.5 ± 10.8 13.0 ± 12.2 0.16 
BMI (kg/m2) 23.9 ± 5.8 23.6 ± 4.5 23.8 ± 5.6 0.45 
Follow-up (y) 5.8 (2.7, 9.6) 5.5 (2.3,10.0) 5.7 (2.7, 9.7) 0.46 
 5 
Data are means ± SD, median (1st, 3rd quartile) or frequency (%). 6 
 20
Table 2: Presence of diabetes related complications in patients participating in the study before and 1 
after follow-up 2 
 3 
 4 
Data are frequency (%). A generalized linear model was applied to separate the influence of smoking 5 
and gender on complication prevalence. † comparison between groups. * change of prevalence at end 6 
of follow-up compared to start in the same group (p < 0.05). 7 
Complication  Non-Smokers Smokers Total p † 
Nephropathy (microalbuminuria) (%) Start 18.3 21.1 18.9 0.55 
 End 28.6 * 32.5 * 29.4 * 0.26 
Nephropathy (macroalbuminuria) (%) Start 3.8 7.3 4.5 0.11 
 End 4.8 9.8 5.9 * 0.047 
Neuropathy (%) Start 9.7 17.7 11.3 0.09 
  End 17.3 * 23.4 * 18.5 * 0.10 
Retinopathy (%) Start 24.4 28.8 25.3 0.31 
 End 35.7 * 40.6 * 36.7 * 0.22 
Macrovascular disease (%) Start 2.8 4.4 3.1 0.87 
 End 8.0 * 11.9 * 8.8 * 0.37 
 21
Table 3: BMI, blood pressure and serum lipids in patients participating in the study before and after 1 
follow-up 2 
 3 
Parameter  Non-Smokers Smokers Total p † 
BMI (kg/m2) Start 23.8 ± 3.6 23.7 ± 4.5 23.8 ± 3.8 0.78 
 End 25.0 ± 4.1* 25.4 ± 5.6* 25.1 ± 4.4* 0.55 
Systolic blood pressure (mmHg) Start 127.8 ± 16.7 127.7 ± 18.0 127.8 ±17.0 0.90 
 End 126.2 ± 15.7* 127.3 ± 18.6 126.5 ± 16.3* 0.71 
Diastolic blood pressure (mmHg) Start 79.9 ± 10.8 79.6 ± 13.3 79.8 ± 11.4 0.64 
 End 77.9 ± 10.3* 76.8 ± 12.3* 77.7 ± 10.7* 0.09 
Total cholesterol (mmol/l) Start 4.98 ± 1.07 5.03 ± 1.04 4.99 ± 1.06 0.28 
 End 4.86 ± 1.04 4.80 ± 0.98* 4.85 ± 1.03* 0.83 
HDL cholesterol (mmol/l) Start 1.68 ± 0.51 1.53 ± 0.45 1.65 ± 0.50 0.048 
 End 1.68 ± 0.51 1.53 ± 0.46 1.65 ± 0.50 0.07 
LDL cholesterol (mmol/l) Start 2.70 ± 0.92 2.78 ± 1.00 2.72 ± 0.93 0.60 
 End 2.73 ± 0.92 2.59 ± 0.78 2.71 ± 0.90 0.15 
Triglyceride (mmol/l) Start 1.20 ± 0.87 1.33 ± 0.85 1.23 ± 0.86 0.25 
 End 1.21 ± 0.84 1.27 ± 0.82 1.22 ± 0.83 0.62 
 4 
Data are means ± SD. A generalized linear model was applied to separate the influence of smoking 5 
and gender. † comparison between groups. * change of parameter at end of follow-up compared to 6 
start in the same group (p < 0.05). 7 
 22
Figure 1: Legend 1 
 2 
HbA1c levels in smokers (squares) and non-smokers (circles) before and during follow-up. ** 3 
p<0.001 (significantly different after Bonferroni correction), * p<0.05 (not significantly different after 4 
Bonferroni correction). A generalized linear model was applied to separate the influence of smoking 5 
and gender on HbA1c. n indicates patients included until this time point. 6 
 23
Figure 1 1 
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